Abstract--Offscraped strata within the toe of Nankai accretionary prism display an overall facies pattern of thickening and coarsening upward. Detrital clay minerals within the Quaternary trench-wedge facies are dominated by illite; chlorite is the second-most abundant clay mineral, followed by smectite. Relative mineral percentages change only modestly with depth. The hemipelagic clay-mineral population is virtually identical to clays washed from turbidite matrix, and different size fractions (<2 ixm and 2-6 ixm) show nominal amounts of mineral partitioning. Smectite content increases beneath the trench-wedge deposits, where the upper subunit of the Shikoku Basin stratigraphy (late Pliocene and early Pleistocene) includes abundance of volcanic ash. Syneruptive, subaerial chemical weathering of volcanic source rocks, together with in situ alteration of disseminated glass shards, caused the increase in smectite. Smectite begins a monotonic transformation to illite/smectite (US) mixed-layer clay at --555 mbsf and an estimated temperature of -65 ~ Ordered (R = 1) I/S interlayering first appears at --1220 mbsf (<2 ~m size fraction) and --1100 mbsf (<0.2 ~m size fraction). The illitization gradient coincides with a reduction in pore-water chlorinity, but depth-related changes in bulk mudstone geochemistry (K20, Rb) are subtle. The absolute abundances of discrete smectite and US appear to be insufficient to account for the magnitude of pore-water dilution via in situ dehydration reactions. Instead, pore water probably was transported to Site 808, either from sources located deeper in the accretionary prism, where bulk mudstone porosities are lower, or from strike-parallel sources where mudstones originally deposited in the Shikoku Basin might contain higher percentages of smectite.
INTRODUCTION
The Nankai Trough region off the southwest coast of Japan (Figure 1 ) is one of the most thoroughly studied sites of late Cenozoic trench sedimentation and accretionary-prism tectonics (Boggs 1984; Le Pichon et al. 1987a , 1987b Okuda and Honza 1988; Moore et al. 1990) . Four legs of the DSDP (Deep Sea Drilling Project) and ODP (Ocean Drilling Program) have been completed for this area Klein et al. 1980; Kagami et al. 1986; Taira et al. 1991) . Relative to other subduction margins, such as Barbados (Moore et al. 1988 ) and the nearby Japan Trench (von Huene and Arthur 1982; Cadet et al. 1987) , the flux of terrigenous sediment to the Nankai Trough is high. Therefore, the stratigraphy of the accretionary prism serves as an effective modern analogue for uplifted sandstone-rich accreted terranes such as the Franciscan Complex of California (Blake et al. 1985) , the Kodiak Islands of Alaska (Moore et al. 1983 ) and the Shimanto Belt of Japan (Taira et al. 1988) .
ODP Leg 131 was designed to investigate structural fabrics, physical properties and aqueous geochemistry within the toe of the Nankai accretionary prism . Excellent core recovery also allowed us to document stratigraphic and sedimentary-facies relations in unprecedented detail (Figure 2 ). Several aspects of Site 808 merit special consideration. First, the holes were spudded on the landward trench slope less than 150 m above the thalweg of the present-day trench. A fixed reference point on the subducting oceanic basement, located immediately beneath Site 808, first entered the trench environment at about 0.46 Ma. At that time, Miocene to early Quatemary abyssalplain deposits of the Shikoku Basin were buried rapidly beneath a landward-thickening wedge of terrigenous turbidites. Frontal accretion by imbricate thrusting has transferred material above the drcollement into the prism toe. A carapace of lower slope deposits (roughly 20 m) caps the accreted succession ( Figure  2 ). Whereas previous DSDP drill sites were located farther down the axial gradient and closer to the westem edge of the trench, Site 808 was drilled near the center of the basin (Figure 1 ), along the trend of an extinct back-arc spreading center that formed the oceanic lithosphere of Shikoku Basin (Chamot-Rooke et al. 1987; Le Pichon et al. 1987a) . Basement relief has been buried by the trench wedge, but the inherited bathymetric high clearly affected local rates of sedimentation . One reason for selecting the site was because total sediment thickness is at a regional minimum, which allowed penetration Copyright 9 1996, The Clay Minerals Society Figure 1 . Index map showing the regional geography, geology and bathymetry (in meters) of the Nankai study area of southwest Japan. Numbers refer to DSDP and ODP site localities. Large black arrows symbolize major submarine canyons. Key: ST = Suruga Trough; TC = Tenryu Canyon; SC = Shino-misaki Canyon; AC = Ashizuri Canyon. Smaller arrows represent inferred pathways for turbidity currents within the trench, including flow-reflection trajectories off the seaward slope (Pickering et al. 1992; Underwood et al. 1993a) . Major drainage basins in the Izu-Honshu collision zone include the Tenryu River (TR) and the Fuji River (FR).
through the drcollement and into igneous basement at a depth of only 1290 meters below seafloor (mbsf). Finally, because the subducting lithosphere is young (spreading ceased approximately 15 Ma) and the drill site is located near the extinct spreading axis, heat flow is unusually high for an accretionary prism (Yamano et al. 1984) . The average geothermal gradient recorded at Site 808 is approximately 110 ~ (Shipboard Scientific Party 1991; Yamano et al. 1992 ) and this thermal regime has exerted considerable influence on sediment diagenesis, particularly at depths below about 600 mbsf.
Details of our shorebased investigations have been presented elsewhere (Underwood et al. , 1993b Picketing et al. 1993a Picketing et al. , 1993b . The purposes of this paper are: 1) to review the mineralogic and geochemical evidence for interpretations of detrital provenance and regional sediment dispersal within Nankai Trough; 2) to summarize the mineralogic and geochemical trends associated with early sediment diagenesis; and 3) to evaluate whether or not in situ smectite-to-illite conversion has affected the fluid budget of the prism toe.
GEOLOGIC BACKGROUND Lithofacies Trends
Previous drilling through the toe of the Nankai accretionary prism (Sites 298 and 583) and through the floor of Nankai Trough (Site 582) demonstrated that the trench fill is dominated by sand turbidites, with interlayers of hemipelagic mud (Moore and Karig 1976; Coulbourn 1986 ). The sedimentary succession recovered at Site 808 displays an overall mega-cycle of coarsening and thickening upward (Figure 2) , which is consistent with the conventional paradigm of convergent-margin sedimentation (Piper et al. 1973; Schweller and Kulm 1978) . Rates of sediment accumulation for the trench-wedge facies (Unit II) 
Sediment Provenance
Several present-day bathymetric features need to be considered for the Nankai Trough region, particularly as they relate to sediment dispersal via gravity flow. The northeast end of the trench is connected directly to a major sediment conduit, Suruga Trough (Le Pichon et al. 1987b; . This canyon system begins near the shoreline with many small channels and slope gullies of the Fuji River fan-delta (Figure 1 ). Nankal deep-sea channel emanates from the mouth of Suruga Trough and continues down the axial gradient of the trench for a distance of at least 400 km (Shimamura 1989) . Three other large submarine canyons are incised into the landward trench slope (Tenryu, Shiono-misaki and Ashizuri). Fan-shaped sediment bodies occur at the mouths of Tenryu and Shiono-misaki canyons (Le Pichon et at. 1987b; Shimamura 1989; Soh et al. 1991) , so there must be local transverse input into the trench in addition to axial flow of turbidity currents. Ripple cross-laminae show that many of the turbidity currents were deflected off the seaward trench slope before continuing down the southwest-directed axial gradient (Picketing et at. 1992) .
Petrographic analyses of turbidite sands associated with the Nankai Trough have led to the conclusion that most of the coarse-grained detritus was funneled initially through Suruga Trough (Figure 1 ) before moving southwest down the axial trench gradient (Taira and Niitsuma 1986; De Rosa et al. 1986; Marsaglia et al. 1992; Underwood et al. 1993a ). The turbidite sands at Site 808 contain a wide variety of neovolcanic and paleovolcanic fragments, with lathwork, microlitic, felsitic and vitric textures, in addition to sedimentaryrock fragments consisting primarily of shale and mudstone, fresh euhedral plagioclase, both monocrystalline and polycrystalline quartz (chert) and minor amounts of low-grade metamorphic-rock fragments. This detritus matches the subaerial geology of the Izu-Honshu collision zone (Figure 1) , as summarized by Ogawa et al. (1985) , Ogawa and Taniguchi (1988) , Toriumi and Arai (1989) and Soh et al. (1991) . Lithologies are diverse and include the following fundamental units: accreted sedimentary and volcanic rocks of the Shimanto Belt; ophiolitic rocks of early Tertiary age; Neogene sedimentary rocks composed of fine-grained tuffaceous and terrigenous debris; quartz diorite bodies that intruded the Miocene volcaniclastic units; and Quaternary volcanic centers (including Mt. Fuji). Burial metamorphism within the collision zone ranges from the zeolite facies to prehnite-pumpellyite facies and actinolite-greenschist facies (Toriumi and Arai 1989) . Superimposed on the regional pattern of burial metamorphism are zones of contact metamorphism associated with the Miocene intrusions; metamorphic grades within the contact aureoles are as high as amphibolite facies (Toriumi and Arai 1989) . Simultaneous volcanism and rapid uplift of accreted rocks during collision are responsible for a mixed detritalprovenance signature.
Clay minerals from the Nankal Trough (Sites 298, 582 and 583) and Shikoku Basin (Sites 297, 442, 443 and 444) were analyzed previously by Cook et al. (1975) , Chamley (1980) and Chamley et al. (1986) . Within the Pleistocene turbidite section, Chamley et al. (1986) documented a predominance of illite and chlorite and suggested that most of the sediments were fed axially from sources located near the Izu Peninsula of central Japan. This is from the same source as the turbidite sand. Smectite and mixed-layer clays increase in abundance down-section in the Shikoku Basin.
Porewater Geochemistry
Shipboard analyses of interstitial water chemistry during Leg 131 led to several important observations regarding the hydrogeology of the central Nankai accretionary prism (Shipboard Scientific Party 1991) . First, there is a pronounced reduction in chloride concentrations below about 570 mbsf, and the lowest concentrations occur below the drcollement zone at 1040 to 1080 mbsf. Gradual changes in concentration gradients of most dissolved chemical constituents occur between 400 and 600 mbsf. These changes coincide with the lithologic transition from the marginal trenchwedge facies (subunit llc) into interlayered ash deposits and mudstones of the Shikoku Basin (subunit IVa). Changes for some aqueous constituents, particularly an increase of H4SiO4, but also Ca, Mg and SO 4, also occur at the lithologic boundary near 820 mbsf (contact between subunits IVa and IVb). Finally, stratigraphic intervals with abundant layers of volcanic ash (560-820 mbsf) show large variations in dissolved silica concentrations, together with more subtle anomalies in dissolved calcium, lithium and strontium. Collectively, the porewater data demonstrate that sediment diagenesis and fluid-sediment exchange have occurred within the accretionary prism Kastner et al. 1993) . It is important to evaluate how specific clay minerals have influenced this hydrogeochemical budget.
Geothermal Regime
Many subduction zones are characterized by relatively low geothermal gradients due to the subduction of old oceanic lithosphere (Yamano et al. 1982) . Under such circumstances, documentation of important diagenetic reactions is impeded because favorable temperature conditions occur beyond the depth limits of conventional DSDP and ODP boreholes. The Nankai Trough is a region of high heat flow because the subducting Shikoku Basin lithosphere is relatively young (Yamano et al. 1984; Ashi and Taira 1993) . The last phase of volcanic activity in the Shikoku Basin was spatially disorganized and ended about 12 Ma (Chamot-Rooke et al. 1987 ). The present-day heat flow at Site 808 is equal to approximately 130 mW/m 2, and the average linear geothermal gradient within the upper 350 m of the accretionary prism is -110 ~ (Shipboard Scientific Party 1991; Yamano et al. 1992 ). Thus, Site 808 is ideally suited for studies of early sediment diagenesis at relatively shallow depths.
METHODS
Details of laboratory methodology have been described by Underwood et al. (1993a Underwood et al. ( , 1993b and Pickering et al. (1993a Pickering et al. ( , 1993b . In brief, X-ray fluorescence (XRF) spectrometry was used to detect concentrations of major element oxides (weight-%), together with selected minor and trace elements (ppm). All of the geochemical data presented here come from analyses of bulk mud and mudstone samples. Clay minerals were analyzed using a Scintag PAD V system interfaced with a Microvax 2000 microprocessor. Oriented aggregates of the 2 to 6 Ixm and <2 tzm size fractions were prepared by vacuum-filtration and filterpeel transfer, then saturated with ethylene glycol. Digital output was processed through a background correction and a deconvolution program designed to fit peaks to a Split Pearson VII profile shape (GaussianLorentzian hybrid). Relative weight percentages of the dominant clay minerals are based on peak areas of the smectite (001), illite (001) and the composite chlorite (002) + kaolinite (001) reflections (Figure 3 ). Representative samples were boiled in HC1 and analyzed a second time to establish the approximate amount of kaolinite (Starkey et al. 1984) .
Most data sets that describe clay-mineral abundances for marine sediments are based on the Biscaye (1965) weighting factors (McManus 1991). We conducted tests of accuracy using measured weight percentages of chlorite, illite and smectite standards obtained from the Clay Mineral Society Repository, and the error is as high as 20% ). The following weighting factors were then calculated algebraically from the mineral-standard data, and they reduce the maximum error to approximately 10% and the average error to less than 5%: smectite (001) 1989), but many are inappropriate if samples contain abundant discrete illite. As shown in Figure 3 , we determined the angular separation (A ~ between the composite illite-(001)/smectite-(002) reflection (at --9 to 10 ~ and the composite illite-(002)/smectite-(003) reflection (at -1 6 to 17 ~ and utilized a mixing equation calculated from the data summarized by Moore and Reynolds (1989) . Hathon (1992) showed that abundances of illite and smectite layers determined this way are between 2% and 8% of values based on visual counts of TEM images. Most of the peak intensities generated by the composite (001/002) and (002/003) peaks are quite subdued (Figure 3 ). The 0.2/xm size fraction from thirteen representative samples was also analyzed to confirm the results. In addition, representative samples were analyzed under three different conditions (air-dried, glycol-saturated and heated to 375 ~ to make sure that the low-intensity peaks in question conformed to the expected behavior, as summarized by Moore and Reynolds (1989) . Figure 4 . Relative percentages of smectite, illite and chlorite+kaolinite at Site 808, based on integrated peak areas (glycolated) and weighting factors of Underwood et al. (1993a) . Separate analyses were completed for the <2 ~m and 2 to 6 txm size fractions. Underwood et al. (1993a Underwood et al. ( , 1993b offers complete listings of data, including recalculations based on the peak-area weighting factors of Biscaye (1965) .
IX; illite (001) = 8X; and chlorite (002) + kaolinite (001) = 1.8X. In reality, all correction factors change with the absolute abundance of each clay mineral, impurities in the mineral standards, variations in illite crystallinity and smectite chemistry, and peak broadening caused by interference from I/S. We did not attempt to estimate the relative percentages of I/S mixed-layer clay with respect to the total clay-mineral population. Small amounts of mixed-layer clay probably have been recorded in the counts used to estimate both %-illite and %-smectite. Therefore, our data remain semi-quantitative.
Several methods exist to calculate the ratios of iUite and smectite crystallites in mixed-layer phases (Reynolds and Hower 1970; Srodon 1980, 1981; Inoue et al.
RESULTS

Composition of the Trench Wedge
Relative percentages of smectite, illite and chlorite(+kaolinite) for the entire stratigraphic column at Site 808 are shown in Figure 4 . The clay mineralogy of hemipelagic deposits is quite uniform within the upper 600 m of the stratigraphic section. Detrital illite is clearly the most abundant constituent (average = 73%), followed by undifferentiated chlorite + kaolinite (average = 18%), then discrete smectite. Chlorite accounts for 92 to 80% of the composite 7 fi~ peak area (average equals 86%). Therefore, the kaolinite content probably amounts to no more than about 3% of the total clay-mineral population. There is only a modest amount of mineral partitioning as a function of grain size. The most obvious difference is a consistent enrichment of chlorite within the larger size fraction. Conversely, smectite content increases in the <2 Izm fraction, particularly at depths below 480 mbsf (Figure 4) . Figure 5 shows a comparison among claymineral percentages and the type of host sediment within the trench-wedge facies. With few exceptions, there are only minor differences between the background lithology of hemipelagic mud and clay-sized matrix washed from turbidite interbeds. These differences fall within the brackets of analytical error. We conclude that the turbidites and hemipelagites contain the same population of clay minerals eroded from the same general area of the Japanese Islands.
Because detrital illites are the dominant clays within both hernipelagic and turbidite deposits, we characterized those minerals in greater detail . Most values of illite crystallinity index (<2 ixm size fraction) fall within the zone of anchimeta- morphism (incipient greenchist facies). In addition, the 2M1 variety of illite is the most abundant polytype.
Values of bo are consistent with low phengite contents and source terranes subjected to intermediate P-T gradients.
Clay Diagenesis
The biggest challenge in interpreting mineralogic changes down-section at Site 808 is to separate the temporal effects of changing detrital provenance from the depth-dependent effects of diagenetic alteration. Sediments within the Nankai trench-wedge facies accumulated at exceptionally rapid rates of approximately 1380-785 m/m.y. (Shipboard Scientific Party 1991). Conversely, sediment accumulation rates calculated for the Shikoku Basin hemipelagic deposits (below the base of Unit III) drop off significantly, with most values between 125 rn/m.y, and 10 m/m.y. This change in the overall style of sedimentation reflects the dramatic difference between the turbidite-dominated trench wedge and the slow fall-out of suspended sediment onto the floor of the Shikoku Basin. In addition, the youngest subunit of the Shikoku Basin is enriched with discrete layers of volcanic ash and lithified tuff. Significantly, this facies transition coincides with a shift in clay mineralogy, as defined by slight increases in the content of smectite (Figure 4) .
The gradual enrichment of smectite, which actually begins at the top of Unit III, is much more obvious for the <2 Ixm size fraction, as compared to the 2 to 6 ~xm size split (Figure 4) . Maximum background values of 30 to 35% smectite occur at a stratigraphic position of -800 mbsf. Superimposed on this trend are local spikes in %-smectite (up to 70% to 90%) that mark the presence of possible bentonite layers. These mudstones do not display any obvious differences in texture or color. The spot occurrences of bentonites within homogeneous bioturbated mudstones leads us to suspect that other smectite-rich intervals remain undetected. The monotonic increase in smectite within Unit IV correlates well with XRD evidence for diagenetic alteration of discrete ash layers (Masuda et al. 1993) . Furthermore, the increase in authigenic smectite coincides with the occurrence of a zeolite mineral (clinoptilolite), which is a common replacement product of siliceous volcanic glass (Shipboard Scientific Party 1991). Below a depth of approximately 820 mbsf, the smectite content drops off steadily to the base of subunit IVb. Unlike other subduction zones, such as Barbados (Tribble 1990; Vrolijk 1990) , there are no clay-mineral anomalies associated with the drcollement zone (945 to 964 mbsf). Finally, clay-mineral abundances within the volcaniclastic succession of Unit V are very erratic (Figure 4 ), which depends upon whether specimens are from rhyolitic tuff layers (smectite spikes) or from variegated interbeds of hemipelagic mudstone (illite-rich).
Composite (001/002) and (002/003) peaks produced by disordered (R = 0) mixed-layer clays were first detected above the background noise for the <2 txm size fraction at a sample depth of 555 mbsf. There is a monotonic increase in the proportion of illite in US through the remainder of the stratigraphic section (Figure 6 ). At the lithologic boundary between subunits IVa and IVb (820 mbsf), there is about 25% to 30% illite in the US. The maximum amount of interlayered illite (78%) occurs at a depth of approximately 1220 mbsf ( Figure 6 ). The development of a regular 1:1 stacking arrangement of US interlayers produces a robust second-order superstructure reflection (002*) at a diffraction angle of approximately 6.5 ~ We detected this Reichweite = 1 (R = 1) ordering beginning at a depth of 1223 mbsf in the <2 Ixm size fraction. R = 1 ordering occurs at a shallower depth of approximately 1100 mbsf in the <0.2 txm size fraction ( Figure  6 ). This increase in the illite component of US clays probably contributed to the reduction of detrital and volcanogenic smectite within subunit IVb (Figure 4 ).
Major Element Geochemistry of Mudrocks
The bulk chemical compositions of sediments from Site 808 are remarkably uniform throughout most of the section (Picketing et al. 1993b ). The average oxide percentages, which are uncorrected for ignition loss, are: SiO 2 = 64.31; A1203 = 16.12; Fetota I = 6.25; MnO = 0.40; MgO = 2.50; CaO = 3.28; Na20 = 2.68; K20 = 3.04; TiO2 = 0.70; and P205 = 0.30. Silica concen- together with a more subdued increase for the MgO/A1203 ratios. Cores within this depth interval (1087-1111 mbsf) display varicolored bands and diffuse laminae, irregular patches of diagenetic carbonate and siderate nodules (Shipboard Scientific Party 1991). Analyses of trace elements show dramatic increases for Ba, Y, Sr, La and Ce within this interval (Picketing et al. 1993b ). The geochemical anomaly was attributed to hydrothermal alteration (Picketing et al. 1993b; Underwood et al. 1993b) , although the timing of the event remains unknown. Significant oscillations for the major-oxide ratios also occur within Unit V. These variations are associated with differences between rhyolitic tuff layers and claystone interbeds (Figure 8 ).
The typical mudrock geochemistry for Site 808 compares favorably with data from the Leg 31 and 87 drill sites (Donnelly 1980; Kawahata et al. 1986; Minai et al. 1986 ). We agree with Minai et al. (1986) , who suggested that slight variations in silica concentration at Sites 582 and 583 are due to fluctuations in bulk mineral composition and grain-size distribution. A large component of the total silica budget, particularly within the trench-wedge facies, probably is tied up in silt-sized detrital quartz, feldspar and lithic fragments. Shipboard XRD analyses of bulk powders indicate that the detrital silt components constitute up to 70-80% of the bulk mud (Shipboard Scientific Party 1991).
Because of the preponderance of dettital silt, chemical effects of clay-mineral diagenesis are subtle. Beginning at 800 mbsf, absolute values of K20 increase from about 2.9% to 3.8%, and the concentration of Rb increases from approximately 110 to 160 ppm ( Figure  9 ). The start of this geochemical trend matches the depth zone in which dissolved potassium from pore waters decreases to minimum values ( Figure 9 ) and the percentage of illite in US increases from -20% to -60% (Figure 6 ). We suggest that the chemical changes were caused by uptake of K and Rb cations by authigenic illite.
trations for background mudstones at Site 808 typically range from 62 to 69%, and the average SiO2/A1203 ratio is approximately 4.0. Trench-fill turbidites are slightly enriched with SiO2 relative to the mudstones deposited in Shikoku Basin (Figure 7) . When normalized to AI203, there are no systematic changes in major elements as a function of depth or stratigraphic age, nor did we detect any dramatic differences between the compositions of the trenchwedge deposits and those of the underlying hemipelagites of the Shikoku Basin. There are slight decreases in SiOffA1203 and TiO2/A1203 within the Shikoku Basin facies (Figure 7) . The most obvious departure from the geochemical background occurs at approximately 1100 mbsf, where there are sharp spikes for total-iron/alumina, MnO/AlzO 3 and CaO/AI203 ratios,
DISCUSSION
Trench-wedge Provenance
The stratigraphic uniformity and close correspondence between the respective clay mineralogies of hemipelagic muds and turbidite matrix in the Nankai trench-wedge facies may not be surprising. However, the background fallout of suspended sediment does not always follow the same pattern of regional-scale sediment dispersal as transport by turbidity currents (Underwood 1986 (Underwood , 1991 Hathon and Underwood 1991) . Repeated episodes of mud resuspension and mineral homogenization are common within the near-bottom nepheloid layer in response to bioturbation, thermohaline bottom currents and turbidity currents (Gorsline 1984 (Gorsline , 1985 . In contrast, discrete turbidite deposits are more likely to show irregular variations and/or ex- treme spikes for detrital sand modes, particularly if they are derived from multiple and diverse sources ( U n d e r w o o d and Norville 1986). The uniform nature of clay minerals in the trench interbeds at Site 808 leads us to believe that a single source region has been d o m i n a n t throughout their accumulation. A l t h o u g h some of this mineralogic h o m o g e n e i t y could be caused by clay infiltration following deposition of the coarser grained sand layers, the infiltration m e c h a n i s m seems less plausible for layers of turbidite silt with lower permeabilities. The turbiditic clay minerals probably occupied interstitial spaces in the suspended cloud during the stages of transport, gravitational collapse and deposition. We conclude that the clay minerals Picketing et al. (1993b) and Underwood et al. (1993a Underwood et al. ( , 1993b .
within the matrix of turbidites came from the same basic source as the clay minerals within hemipelagic muds. Past investigations of sand provenance within the Nankai Trough and adjacent portions of Shikoku Basin have led most workers to conclude that the dominant sediment source area is located in the collision zone between the Izu-Bonin arc and the Honshu arc (Taira and Niitsuma 1986; Marsaglia et al. 1992 ). The IzuHonshu collision zone provides a source for both neovolcanic and paleovolcanic rock fragments, recycled sedimentary and low-grade metasedimentary rock fragments, monocrystalline feldspar and abundant quartz. The Fuji River and Tenryu River drainage networks carry this detritus into the heads of the Suruga Trough and Teuryu Canyon (Figure 1 ). Our data show that the clay-sized sediments from the central segment of the Nankai Trough contain abundant detrital illite that was derived from source terranes exposed to conditions of anchimetamorphism, grading into lower greenschist-facies alteration. Based upon the low phengite content of the detrital micas, the P-T gradient within the source region must have been within the confines of the low-pressure facies series of metamorphism ). Thus, mineralogic characteristics of the clay-sized detritus also match those of rocks types within the Izu-Honshu collision zone.
Shikoku Basin Clay Mineralogy
Collation of the estimated clay-mineral percentages at Site 808 with results from nearby DSDP sites are not strictly valid because of differences in analytical technique and peak-intensity weighting factors, although first-order trends can be compared. Cook et al. (1975) reported that illite is the most abundant clay mineral at both Site 297 (Shikoku Basin) and 298 (Nankai prism). Smectite (montmorillonite) values are subordinate, except within the Shikoku Basin at depths greater than 600 m, where relative percentages for the <2 ~Lm size fraction increase from 45% to 57%. Chamley et al. (1986) likewise reported an illite-rich (30% to 50%) and chlorite-rich (20% to 35%) assemblage of clay minerals at Sites 582 and 583. Smectite increases to 25% to 40% within lower Pleistocene and Pliocene hemipelagic deposits of the Shikoku Basin (566 to 749 m). Smectite also increases considerably in Miocene mudstones cored from the lower parts of holes 442, 443 and 444 within the Shikoku Basin (Chamley 1980) . Chamley (1980 Chamley ( , 1986 reported occurrences of mixed-layer clays but did not calculate variations in I/S ratios.
Our most significant departure from the previous DSDP results is the reduction of discrete smectite beginning at a depth of about 800 mbsf (Figure 4 ). This stratigraphic position is deeper than the maximum penetration of previous DSDP holes, so we have no means of assessing whether or not the change is a regional phenomenon. Three reasonable explanations for the smectite depletion need to be considered: 1) a shift in detrital source areas during Pliocene time; 2) a change in the amount of volcanic activity and/or chemical weathering of volcanic rocks within the Pliocene source area(s); and 3) recent clay diagenesis within the Nankal accretionary prism, with alteration of discrete smectite to mixed-layer I/S. Of course, these explanations are not mutually exclusive.
Several observations lead us to conclude that subunit IVb contained less smectite, long before the effects of diagenesis were imparted. Smectite replacement of glass shards within discrete ash layers begins at a depth of --200 mbsf. Below 550 mbsf the concentration of clay minerals (mostly smectite) within discrete ash layers increases dramatically (Masuda et al. 1993) . Therefore, chemical conditions have been favorable to form authigenic smectite. However, discrete ash layers are scarce within subunit IVb. Presumably, the transition from subunit IVa to IVb also coincided with a down-section reduction in the amount of disseminated glass shards in the mudstones, thereby reducing the precursors for authigenic smectite. The upper boundary of subunit IVb marks an abrupt termination of zeolite mineralization within the bulk mudstones. This change is probably due to an absence or reduction of glass shards as a starting product for clinoptilolite. We believe that less detrital smectite was weathered and transported into the Shikoku Basin early in its history and less smectite was produced via in situ alteration of disseminated ash. However, it is also clear that illitization of both detrital and authigenic smectite components becomes increasingly significant with depth, such that specimens from below 900 mbsf typically contain more than 30% illite in the US phase. Consequently, clay diagenesis must also have contributed to the negative smectite gradient within subunit IVb, as discussed below.
Pyroclastic Contributions to Shikoku Basin
Some of the compositional variability displayed by mudrocks at Site 808 certainly could be due to inconsistent admixtures of disseminated volcanic ash, but the extent of this mixing can be evaluated geochemically. Chemical analyses of discrete ash deposits of Pliocene and Quaternary age yielded erratic but substantial departures from the bulk sediment geochemistry (Masuda et al. 1993 ). The range of observed Ti/Al-oxide ratios, for example, is approximately 0.010 to 0.050, and there is a pronounced decrease in this ratio within the ash-rich intervals of Unit III and subunit IVa (Figure 7) . Overall, SiOz contents for ash range from 56% to 80% and silica/alumina ratios vary between about 2.5 and 7.5 (Masuda et al. 1993) . The chemical heterogeneity of the pyroclastic material is consistent with the documented range of andesitic to rhyolitic sources of explosive volcanism on the Japanese Islands. We agree with the assessment of Pouclet et al. (1986) who identified the active volcanic arc of southwest Japan, including the Izu-Honshu collision zone, as the principal source of Quaternary ash ( Figure  1 ). Other possible sources would be the explosive volcanic centers on Kyushu and the Izu-Bonin arc.
H~SiO 4 concentrations from interstitial waters decrease sharply between 550 and 600 mbsf (Shipboard Scientific Party 1991). Dissolution of volcanic glass from Unit III and subunit IVa may have removed this reactive component from the sediment with pore fluid advection leading to higher dissolved silica concentrations for overlying Unit II. As mentioned previously, partial alteration of glass shards to smectite is obvious within discrete ash layers (Shipboard Scientific Party 1991; Masuda et al. 1993 ). However, the chemical effects of the devitrification and illitization have not produced clear gradients for either bulk-ash or bulk-mudrock geochemistry (Figure 7) . Moreover, because of the chemical homogeneity of mudstones throughout most of the Site 808 section (Figure 7) , there is little chemical evidence to support the idea of mixing abundant pyroclastic debris into hemipelagites within either Unit HI or subunit IVa.
In contrast to the heterogeneous ash deposits of Unit III and subunit IVa, all but one of the tuff beds within Unit V are highly siliceous. Most samples contain between 72% and 80% silica, and SiOJA1203 ratios are consistently greater than the average bulk mudstone from Site 808 (Figure 8 ). There is a marked chemical divergence between Unit V claystones and tufts, which indicates that the multi-colored siliciclastic interbeds contain very little disseminated ash. These Miocene pyroclastic eruptions probably emanated from a single rhyolitic source, perhaps as part of the widespread phase of anomalous near-trench magmatism that affected the Outer Zone of southwest Japan between 15 Ma and 12 Ma (Oba 1977; Shibata and Ishihara 1979; Terakado et al. 1988; Hibbard and Karig 1990) . Some of the Miocene eruptions evidently triggered subaqueous pyroclastic surges and high-concentration turbidity currents that moved well seaward of the paleo-subduction front.
Conditions Promoting Smectite-to-Illite Diagenesis
Peaks produced by disordered US (R = 0) first appear for data from mudstone samples at a stratigraphic position of -555 mbsf (Figure 6 ). The estimated temperature at this depth bolsters our interpretation of aliagenetic alteration of detrital and/or authigenic smectite to illite. The seafloor temperature at Site 808 is -2 ~ and the average geothermal gradient recorded for the upper 350 m of the borehole is -110 ~ (Shipboard Scientific Party 1991). If we assume that this gradient remains linear to a depth of 560 mbsf, then the temperature associated with the beginning of illitization is -65 ~ Similarly, the temperature extrapolated to 1200 mbsf would be -130 ~ However, these temperatures are best viewed as maxima. If one assumes constant heat flow and considers the effects of increasing thermal conductivity with depth due to reduction of porosity, then the thermal gradient must be non-linear. Kasmer et al. (1993) arrived at independent estimates of thermal conditions using the Mg-Li geothermometer. They calculated a temperature of 120 ~ at a depth of 1200 mbsf, so an average gradient of approximately 110 ~ appears to be reasonable. Beginning at a depth of 900 mbsf (--100 ~ the US phase at Site 808 typically contains greater than 30% illite (Figure 6 ). The initial appearance of R = 1 ordering in the <2 p,m size fraction occurs at a depth of approximately 1220 m (-135 ~ In most sedimentary basins, the transition from random to ordered interlayers occurs with 60 to 70% iUite layers , and the results from Site 808 are consistent with this norm (Figure 6 ). Within the finer size fraction (<0.2 txm), R = 1 ordering first appears at a shallower depth of about 1060 mbsf and at an estimated temperature of 120 ~ This acceleration of illitization within the finer size fraction is also typical Jennings and Thompson 1986 ).
Temperature appears to be the most important variable for the smectite-to-illite transition. The reaction is affected by many other internal and external factors, such as hydraulic and differential burial pressures, host-rock porosity and permeability, water-rock ratios, pore water chemistry, abundance of specific interlayer cations in the smectite, bulk host-rock mineralogy, the nature of lithologic interbedding, chemical composition of the precursor smectite, content of organic matter and reaction time Eberl and Hower 1976; Eberl 1978; Roberson and Lahann 1981; Bruce 1984; Colten-Bradley 1987; Yau et al. 1987; Velde and Iijima 1988; Velde and Espitalie 1989; Whitney 1990 ). Empirical correlations of I/S ratios with burial temperature and heating time indicate that reaction progress can be modeled according to kinetic rate laws (Eberl and Hower 1976; Pytte and Reynolds 1989; Huang et al. 1993) . Because so many variables are involved, it is not surprising that starting temperatures and gradients of illitization both vary from one borehole site to another (Perry and Hower 1970; Dypvik 1983; Bruce 1984; Ramseyer and Boles 1986; Velde and Iijima 1988; Freed and Peacor 1989a) . On the Gulf Coast of the United States, for example, the temperature range for onset of illitization extends from 58 to 92 ~ and I/S ratios reach from 70 to 80% illite at temperatures of 88 to 142 ~ (Freed and Peacor 1989a) . Tribble (1990) documented an intriguing example from the Barbados accretionary prism, in which illitization apparently begins at temperatures as low as 24 ~ (Schoonmaker et al. 1986 ). Data from the Nankai accretionary prism are well within the anticipated window of burial temperature (60 to 90 ~ Consequently, we see no reason to invoke special hydrogeochemical circumstances to account for the diagenetic trend at Site 808.
According to kinetic models, US reaction rates slow down considerably as the mixed-layer composition approaches that of pure illite Pytte and Reynolds 1989; Huang et al. 1993 ). Higher activation energies are associated with highly illitic I/S, which provides one explanation for why mixedlayer phases with 15 to 20% expandable layers persist well beyond the so-called completion temperature. Many of the empirical US gradients and modeled curves of smectite-to-illite conversion show pronounced S-shapes (Huang et al. 1993) . The I/S data from Site 808 define a fairly linear trend that ends at 75 to 80% illite ( Figure 6 ). A second factor to consider is the potential depletion of K-bearing minerals in host mudrocks or in adjacent deposits. Dissolution of K-feldspar, for example, commonly provides for the required uptake of potassium and aluminum by illite crystallites (Perry and Hower 1970; Hower et al. 1976; Bruce 1984; Jennings and Thompson 1986) . At Site 808, dissolved potassium is reduced to concentrations of less than 2 raM/L, but the supply below 600 mbsf is by no means exhausted (Figure 9 ). Consequently, we conclude that burial within and beneath the Nankai prism toe has not been deep enough to reach the illitization completion temperature.
The type of US ordering is also sensitive to several variables including the geothermal gradient. The change from R =0 (disordered) to R = 1 (ordered) I/S, for example, can occur at burial temperatures as low as 50 to 80 ~ particularly where geothermal gradients are relatively low (Velde et al. 1986 ). In other first-cycle basins, random (R = 0) ordering persists to temperatures of 100 to 130 ~ even with geothermal gradients of 25 to 30 ~ (Velde and Iijima 1988; Hansen and Lindgreen 1989) . Data from active continental geothermal fields seem to provide the best match for the results at Site 808. The geothermal sites prove that US reactions can move to completion within sediments that are only 1 to 2 Ma in age, but the temperatures required for R --1 ordering under these circumstances are between 135 and 155 ~ (Jennings and Thompson 1986; Walker and Thompson 1990) . Peak temperatures for the Shikoku Basin hemipelagic facies were attained only within the last 0.4 m.y. after rapid accumulation of the overlying turbidite wedge and thrust imbrication. Thus, ordering of I/S clays at Site 808 probably has been retarded somewhat by insufficient heating times.
Influence of Illitization on Nankai Hydrogeochemistry
Two of the more important aspects of the smectiteto-illite transformation involve the release of interlayer water into the pore system of the host mudrock and the development of excess pore-fluid pressures if low mudrock permeabilities inhibit dissipation of the liberated water (Burst 1969; Bruce 1984; Colten-Bradley 1987; Freed and Peacor 1989b; Vrolijk 1990 ). In the case of the Nankai accretionary prism, we know that the depth interval containing US clays coincides with a decrease in interstitial water chlorinity (Shipboard Scientific Party 1991; Kastner et al. 1993) . Chloride content begins to decrease gradually from maxima of approximately 590 mM at 560-580 mbsf to minima of 450 mM at 1040-1080 mbsf, and there is a deflection in the gradient at about 820 mbsf (Figure 9 ). Sodium content displays the same trend. One important question to answer is whether or not the freshening of pore water can be attributed to in situ dehydration of smectite. A more difficult question is whether or not the change in the chlorinity gradient at about 820 mbsf is related to a decrease in the rate at which smectite alters to US. Vrolijk et al. (1991) summarized a method for mass balance calculations of chloride dilution in response to clay mineral diagenesis. Three variables need to be considered: 1) bulk porosity; 2) percentage of smectite in the total solid fraction; and 3) percentage of the interlayer water expelled from the smectite, Except for the local occurrences of bentonitic layers within Unit IV, the relative percentages of smectite within the claymineral population at Site 808 are no higher than about 35% for the <2 Ixm size fraction and 25% for the 2 to 6 Ixm size fraction. When data from shipboard XRD analyses of bulk powders (Shipboard Scientific Party 1991) are combined with the clay mineralogy reported herein, it seems clear that smectite averages less than 10% of the bulk mudstone. If allowances are made for amorphous constituents undetected by XRD, such as opaline silica and volcanic glass, then the volume of expandable clay within the starting material becomes even lower, probably less than 5% of the average bulk mudstone.
Porosity values at Site 808, over the depth interval of 560-1080 mbsf, range from 45% down to 30% (Shipboard Scientific Party 1991). If one assumes a porosity value of 30%, together with 50% expulsion of interlayer water via transformation to a mixed-layer I/S, then roughly 50% of the original bulk-solid volume must be composed of smectite to dilute the chlorinity by 23% (590 mM to 450 mM). Increasing the water-expulsion value to 100% (complete transformation to illite with loss of both interlayer water and structural water) still requires a bulk-mud smectite concentration of 25%. Smectite concentrations appear to be too low to accomplish this, and the progression of illitization reactions at Site 808 are not advanced enough to account for the dilution of pore-water chlorinity via in situ dehydration of clay minerals. Moreover, alteration of volcanic ash to authigenic smectite and zeolites, particularly within subunit IVa, should have consumed substantial amounts of H20, perhaps equivalent to >3% seawater concentration . Assessing the possible influence of reaction rate seems unnecessary given the obvious mass-balance deficiency of smectite. We conclude that the lowchlorinity pore water extracted from Site 808 was imported from other portions of the Nankai accretionary prism.
Rather than forming in place, it is logical to suggest that diluted pore fluids migrated from deeper in the prism, where porosities are lower than 30%. One possible migration pathway is the dtcollement zone, within which permeabilities are enhanced by a penetrative scaly fabric of closely spaced fractures (Moore 1989; Moore and Vrolijk 1992) . Direct evidence for active fluid advection along the dtcollement is lacking, but Kastner et al. (1993) demonstrated how an intense transient pulse could have injected low-salinity fluid roughly 300,000 years ago followed by diffusive downward migration. However, the dtcollement pathway is not necessarily mandated by the data. Slow movement may have been centered near the depth of the chloride concentration minimum, or there could have been mixing between two advective systems, one focused at the chloride minimum, the other at the 820 mbsf lithologic boundary between subunits IVa and IVb. This final hypothesis is supported by changes in ~80, D and Sr isotopes across the dtcollement zone . Fluids below the dtcollement probably were derived from deep-seated portions of the subduction zone, where underplated mixtures of lower Shikoku Basin mudstones and rhyolitic tufts have been subjected to more advanced stages of illitization.
Only one site was drilled during Leg 131. We have no means of documenting the possible effects of strike-parallel fluid migration. The documented gradients from borehole temperature and near-surface heat flow certainly are high enough all along the strike of the subduction front to promote widespread smecrite dehydration, beginning within the 600 to 1200 mbsf depth interval (Yarnano et al. 1984 (Yarnano et al. , 1992 Ashi and Taira 1993) . However, heat flow decreases with distance toward the shoreline of southwest Japan, which depresses the ideal temperature window for illitization deeper. Without knowing the exact subduction/accretion trajectories for given parcels of mudstone, it is almost impossible to predict when or where the ideal temperature conditions for clay-mineral dehy.dration will be encountered or how fluid pressure gradients might vary in response. The residence time within the ideal temperature window also must be balanced against the effects of all kinetic parameters. A unique solution to this problem seems unattainable given the existing data. As an additional complication, clay-mineral data from DSDP sites within the Shikoku Basin (Chamley 1980) indicate that many intervals of the abyssal-floor stratigraphy are more enriched with smectite than the hemipelagic muds at Site 808. Therefore, the possibility of a lateral component of fluid flux, from a smectite-rich compartment near the prism toe, also should be considered in assessments of the fluid budget.
SUMMARY AND CONCLUSIONS
Illite is the most abundant clay mineral in the Nankai accretionary prism. Relative percentages of the major mineral constituents (illite, chlorite and smecrite) are remarkably uniform throughout the turbidite wedge, and there are no meaningful differences between clays in hemipelagic muds and turbidites. A modest amount of mineral partitioning occurs as a function of grain size with chlorite increasing for the 2 to 6 txm fraction and smectite increasing for the <2 tzm fraction.
The Izu-Honshu collision zone served as the principal detrital source region for the trench-wedge deposits at Site 808. Most of the polymictic sediments (all size fractions) probably were eroded from within the Fuji River drainage basin and funneled through the Sumga Trough before entering the trench environment. A substantial fraction could also be derived from the Tenryu River and submarine canyon system, which is located immediately to the west of the collision zone.
The same basic detrital assemblage is characteristic of the underlying hemipelagic deposits of the Shikoku Basin. Unlike some other subduction zones, there are no deviations in clay mineralogy within the dtcollement zone. Smectite content increases monotonically within the upper Shikoku Basin facies (subunit IVa). This enrichment can be attributed, in part, to diagenetic alteration of disseminated volcanic ash. Smectite decreases relative to other clay minerals beginning at a depth of about 800 mbsf because there were lesser amounts of detrital smectite and volcanic ash transported into Shikoku Basin early in its history (subunit IVb). Also, burial temperatures within the past 0.4 m.y. reached levels high enough to initiate the transformation of smectite to illite at depths below 550 to 600 mbsf.
Most of the hemipelagic mudstones at Site 808 display uniform chemical compositions. Slight increases in K20 and Rb within the Shikoku Basin facies are probably due to uptake of those cations by illite layers in I/S clays. For the most part, dissemination of volcanic ash into the background mud did not result in significant departures from the average bulk mudstone geochemistry. Geochemical divergence among interbeds is particularly pronounced between rhyolitic tuffs and variegated claystones of Unit V, which formed during juvenile stages of sedimentation above the basaltic basement. Tuff beds from Unit V correlate chemically and temporally with anomalous near-trench magmatic bodies throughout the Outer Zone of southwest Japan.
The illite content of I/S mixed-layer clay increases steadily down-section within the Shikoku Basin facies. The initial appearance of random (R = 0) I/S occurs at a depth of approximately 555 m where the presentday temperature is -65 ~ R = 1 ordering for the <2 txm size fraction first occurs at a depth of 1220 mbsf and a temperature of --135 ~ Within the <0.2 txm size fraction, R = 1 ordering first appears at a depth of 1060 mbsf and a temperature of --120 ~ This illitization gradient is most consistent with data from sedimentary basins where geothermal gradients are abnormally high, which define active geothermal fields. However, burial depths beneath the toe of the accretionary prism have not been sufficient to reach the so-called completion temperature of illitization.
The increase of illite interlayers in ffS mixed-layer clays occurs over the same depth interval as a 23% reduction in pore-water chlorinity. The absolute abundance of smectite in the Shikoku Basin section (Unit IV) appears to be much too small to generate the necessary dilution through in situ smectite dehydration. Therefore, low-chlorinity pore waters probably migrated from deeper and more landward zones of underplating where lower porosities and/or higher smectite percentages are likely. Alternatively, some strikeparallel fluid migration may have occurred near the prism toe from pockets of Shikoku Basin mudstone containing greater percentages of detrital and anthigenic smectite.
